

























                     
研究成果の概要（英文）： 
    The purpose of the present project is to clarify fundamental phenomena of solid 
particles, microbubbles, and acoustic streaming in the case of irradiating ultrasonic waves 
onto solid-liquid two-phase mixtures or microbubbles-liquid mixtures with a circular plate- 
ultrasonic transducer. The information is needed for numerical analyses. The following 
results were obtained : Acoustic streaming in a mixture of nylon particles and tap water 
resembles that in liquid streaming, so called Eckart flow (acoustic streaming). On the other 
hand, the behavior of microbubbles and acoustic streaming in a mixture of microbubbles 
and water were greatly changed by the ultrasonic frequency.  This was explained by the 
directionality of a circular plate-ultrasonic transducer. Microbubbles were affected by the 
acoustic radiation force and did not always follow the liquid flow. Hence, one must analyze 
liquids and microbubbles separately. 
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離 Z r を自由に調整できる．液には，上水ま








向に，Y，Z 軸の両軸に垂直な方向を X 方向
にとる．実験は超音波の周波数 f= 96.3 kHz，


























ることで周波数 f= 485 kHz (円板直径 50 mm) 













に使用したナイロン粒子は直径 d = 45～63 




を X 方向に，X，Z に垂直な水平方向を Y 方
向にとっている．液には，上水(音響インピ
ーダンス z= 1.5×106  Ns/m3)を用いた． 
② 流速測定 
 本研究では粒子画像流速測定法（Particle 








































































 MB を含む脱気水に振動子(f=96.3 kHz)か














② 鉛直上向き照射実験（f＝3.49 MHz） 
























 (b) Microbubbles in water 















Distance from transducer Zmm
図 4.2 f =96.3 kHz照射時のMBの速度分布 
図4.4 超音波照射時のMB分布  








③鉛直上向き照射実験（f= 485 kHz，3.49MHz）   


















ここで，波数 k= 2π/λ，波長 λ= c/f (m)，音速
c (m/s)，振動数 f (Hz)，振動子半径 a (m)，
J1は第 1種ベッセル関数である． 
 f= 96.3 KHz (a= 22.5 mm), f=485 kHz(a=25 















った．これは Yosioka and Kawasimaの進行波
中に存在するナイロン粒子が受ける音響放
射力の力がMBのそれと大きく違うためと考
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